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ABSTRACT 

The objectives of this study are to ensure that the 
resources at the disposal of the librarian are deployed in a manner 
which will effectively contribute to the purposes of the university, 
user behavior is explored in an attempt to solve the difficulties 
tnat arise in library planning and management, such as: (1) the 

relationship between length of loan period and "idle time," ( 2 ) the 
availability of popular books and (3) the relationship between 
library usage and academic achievement. Fundamentally related to all 
this in a university library is the whole area of students’ 
problem-solving behavior, it is clear that the serious study of 
policy making and the allocation of resources in a university library 
must range widely over problems of human behavior and educational’ 

W | der context it may be that the most useful 
contribution of this study is the way which, with further research, 
it may prove possible to quantitatively relate the day-to-day 
decisions of the librarian to the academic achievement of the 
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PREFACE 



This report is the fourth in a series of papers which are published, at irregular inter- 
vals, to make available the results of research work carried out by members of the Library 
staff {see inside back cover for previous titles)* 



From January 1967 until June 1969 the Office for Scientific and Technical Information 
financed a research team within the Library; parts of its work have been reported elsewhere, 
but the present volume is a definitive account of the whole project for this period. Further 
work is being financed by the University. 



A. Graham Mackenzie 
Librarian 



January, 1970 
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CHAPTER 1: INTRODUCTION 



The establishment of nine new universities in the i960's provoked a highly stimulating 
re-examination of the nature, purpose and management of academic libraries. Long- 
established attitudes and methods were questioned, but although changes were made, the 
basic difficulty remained - a lack of objective information about the best ways of providing a 
library service in a university. The report of the UGG Committee on Libraries (the Parry 
Report (267)),whlch, in general, endorsed these changes, also stressed the need for research 
into all aspects of academic library provision. 

The efficient exploitation of limited resources to provide as useful a library service as 
possible requires more than the traditional techniques of librarianship; cataloguing, classi- 
fication, bibliography and similar skills are essential, but they do not tell one how many 
books to buy, how long to keep them, or how long the loan period should be. To answer 
these and a variety of other questions, an understanding is required of the likely consequences 
for the users of any given combination of managerial decisions concerning the allocation of 
resources, the deployment of labour, and the choice of operating practices. This under- 
standing should be quantitative whenever possible: that Is to say, the understanding should be 
sufficiently advanced to permit the making of measurements, estimates and predictions in 
numerical form. 

Although a library provides a variety of services to its users, in the university context 
its major role, at any given point In time, is that of providing direct assistance to the 
problem -solving behaviour of its users. Every UBer has problems, In the Intellectual and 
cognitive sense, and the library attempts to help in solving many of these. The complexity of 
deciding between the many possible library policies derives from the very wide variety of 
problem-solving activities in which the library becomes involved: users range, for example, 
from the researcher requiring obscure documents which are relevant to the development of 
theory in a new area to the undergraduate looking for a minimum -effort solution to an essay 
preparation problem, A rational policy for a university library implies that it should opti- 
mise Its assistance to ItB users In the solution of their problems, within the limits of its 
resources; this can only be achieved if the relative importance of differing user problems can 
be assessed, If efficient methods of assistance can be determined, and if the likely effective- 
ness of help can be evaluated, A complete answer is clearly impossible to achieve, at least 
with present knowledge; nevertheless a progressive approach towards this ideal is feasible. 
This represents the essential motivation for research into library management problems. 

Unfortunately academic libraries do not lend themselves easily to experimentation: it 
is not often practical to set up a variety of different library services, either simultaneously 
or successively; nor is there much scope for experimentally withdrawing library services. 

In brief, considerable justification is required for any experimental tampering with library 
services in vivo. 

A suitable methodology for such an investigation is that of Operational Research - more 
specifically the development of mathematical models and computer simulations of various 
library sub-systems. The purpose of such a model or simulation is to form a suitable 
abstraction of reality, preserving the essential structure of the problems in such a way that 
analysis affords insight into both the original concrete situation and other similar situations. 
The manner in which these models and simulations are linked together will depend upon the 
particular management information which is required. 

Since the University of Lancaster and its Library were both new (the first intake of 
students was in 1964 ), there has been considerable awareness of the problems of designing and 



managing an effective library service; consequently in January 1967 a research project was 
established, with financial support from the Office for Scientific and Technical Information, 
to explore and analyse the underlying nature of the provision and use of library services, by 
identifying and describing - numerically whenever possible - what happens in a library. The 
reason for this work was that all managerial and planning decisions must be based on some 
dec i s ion - maker 1 s perception of the situation and of the likely consequences of each particular 
decision; this perception will depend upon the decision -makers experience, his attitudes 
and the information available to him, modified, perhaps, by the experiences, attitudes and 
information of those who advise him. The more detailed, the more precise and the more 
quantitative the information which can be made available, the better the resulting planning 
and managerial decisions are likely to be. This project, then, was concerned with exploring, 
analysing and describing the interactions which take place in the provision and use of library 
services, with the aim of providing an improved basis for decision-making in planning and 
management. 

This report summarises the work done in the course of the project. 

Mr. A, Graham Mackenzie, the University Librarian, was the Principal Investigator, 
and three other investigators were employed during the project; 

Mr. Michael K. Buck! and, a librarian, was seconded from his normal duties in the 
University Library to work full time for the duration of the project, January 1967 to June 
1969. 

Mr. Ian Woodbum, a systems engineer, was appointed as half-time Research Fellow and 
remained part of the team for the first two years, January 196? to December 1968; his 
appointment was made jointly with that of half-time Lecturer in Optimization Techniques 
in the Department of Systems Engineering. 

Dr, Anthony Hindle, Lecturer in the Department of Operational Research, acted as 
Consultant on a part-time basis in place of Mr. Woodburn during the period January to 
June 1969. 

A number of clerical assistants were employed as and when required, notably Mrs, 
Romana Bell, Mrs. Waltraud Buekland, Mrs, P, Illingworth and Mr. Peter Ryan; in addition 
Mr, Mel Dobson, Mr. David Nash and Mr. A. J, Playle helped with computer program m ing. 
Most of the cost of the project was met by a grant and two continuation grants from the Office 
for Scientific and 5 Technical Information: this essential assistance, and informal help from 
numerous others, both from within the University of Lancaster Library and from the libraries 
of the Universities of Manchester, Strathclyde and Sussex and elsewhere, are gratefully 
acknowledged. 



Note ; A more detailed account of the thinking which led to this project can be found in: 
A.G. Mackenzie, Systems analysis of a university library. Program; News of computers 
in British Libraries 2, (1), April 1968, 7-14. 
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CHAPTER z, TECHNICAL PROCESSES, WO RKFLOW AND LAROIIR A,., fipinnn 

*1 of book. *» 

experience of such modelling, an rca where there is much more 

the end!«at^fS^ collections to 

catalogued will move on to the next proces^ If tJe^ ***<***8. and such as are - 

loguing coming in, then the backlog of cataloguing" fnhere'T 6XCeeds th ® amount of cata " 

T^fot Tatal^kg and by S^S^STT^ *" 

SSa£“ the WOrk - Ca P acit y *« « excee d the work-load within the^atalo'^ 5 

For process i, let 



be the input rate (items per time period) 



be the labour allocated (man-hours per time period) 

Wj be the workrate (items per man-hour) 
i be the Processing capacity (items per time period) 
be the backlog at the end of the time period (items) 

a *l!! ttelay ,; i11 arrSarS h4Ve been cleared ocxt incoming item can be processed 
assuming a first -come, first -processed method of working (time periods) " ’ 

output rata (items per time period) 

*• .asr sasiijyr- - th * — - 

Pj(t) - 1 (t) X w, (t) 

“ “ d KSLVSi., 



= pj*) if b,(t-i) + x .(t) > Pi ( t ) 



This backlog was also described in terms of the number of time periods of wort it 
represented at the current processing capacity: 

d.(t) = b.(t) / p.(t) 
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Most of the technical processes of the library could be represented in this way with two 
exceptions; the bookseller and the binder. In each of these cases material being dealt with 
was subject to a wide range of delays. We therefore assumed a distribution of delays: for 
example, 4% of orders were supplied by booksellers in the first week after ordering, 10% in 
the second week after ordering, 10% in the third ... and so on* Accordingly one would 
expect to receive in any given week 4% of items ordered that week, 10% of those ordered the 
previous week, 10% of those ordered the week before that . . , and so on. The binding delays 
were described similarly. 

For process j, let 

x, be the input rate (items per time period) 

y . be the output rate (items per time period) 

f(n) be the fraction of books supplied during the nth time period since the order was 
despatched to the bookseller. 

y.(t) » f(o) x x,(t) + f(i) x x.(t-l) + f(2) x x.(t-2) ... etc. 

n = ©o 

f(n) x x.(t-n) 



Having determined a method of representing the processes, the next stage was to link 
them together. The resulting flow diagram, based on the processes and organisation of the 
University of Lancaster Library, is reproduced as Figure 2. 1 on page 5, (Other types of 
internal organisation could equally well be represented by a similar method.) It assumes an 
inflow of recommendations for purchase; these items are then ordered, although some 
proportion of them will, for a variety of reasons, not be ordered or not be supplied. Books 
arriving are accessioned and passed to the cataloguing department. Simultaneously indL 
vidual or bulk donations and bulk purchases may also arrive; these are accessioned rather 
differently, and some of them will be passed on for normal cataloguing while others will be 
consigned to a closed access store ("Alphabetical Store") after brief cataloguing ("shortlisting") 
After cataloguing the books will be split into two streams: one will be labelled and shelved: 
the other will be despatched to the binders before being shelved. Meanwhile a flow of 
cataloguing data will result in the production of catalogue cards to be filed in the catalogues. 

A compute 1 : program representing this model was written and is documented in some 
detail in Appendix A. 1. Figure 2. 2. on page 6 shows two extracts from one simulation 
experiment in which the technical processes model was simulated over a thirteen week period, 
using input data loosely derived from the University of Lancaster Library* 

This particular piece of modelling was designed to examine the effect of various 
possible allocations of labour within the technical processing departments on the build-up or 
decline of backlogs and the delays involved. For this purpose it is necessary to assume 
various workrates, but the details of the actual processes are quite irrelevant; the technique 
can be applied to any similar library situation provided that a suitable flow-chart is available 
and that input data (work-rates, labour available, backlogs etc.) are sufficiently accurately 
established. This is, however, only one part of the total problem; it should be noted, for 
example, that the model could spell out the consequences of the adoption of a briefer form 
of cataloguing in terms of the effects this would have on cataloguing arrears and labour needs, 
but it could not attempt to assess the impact of such briefer cataloguing on the library’s users, 
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Figure 2,1, Summary logic diagram of 
book processing model 
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fig. 2 • 2 S' FRINT-QUT FROM MODEL 
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which is a rather different problem. 

Note : For a description of another computer simulation of these processes see K* Mullick: 
Optimal design of a stochastic system with dominating fixed costs, Ph, D thesis. Johns 
Hopkins University. 1965, (University microfilms order no, 65-10, 449). 
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3* A. Introduet ion 



Since the aim of the project was to explore and to analyse the interactions which take 

Son of the ?f 0 T - dUSe ° f “““* 86rviceS ' * cle « that any study of the reg^ 
ation of the flow of material into a library ought to be matched by a serious consideration of 
the impact of flows of various sizes on the users of the library. How S ought 

Do«’ For how lon S shouid the documents, so painstakingly added to stock be retained^ 
Does a law of diminishing returns operate with respect to collection size and, if so how ? 



undcrSn mo nfT; ^ 6S ® € ” fliCUlt ‘ but ver ^ ^Portant, questions must await a better 

T ° tH ® Pr ° CeSS ° £ the dissemination of information and, more especially a 

the orohf° Wl g t° T e behavi ° Ural Pa« ern s of library users; nevertheless, the structure of 

W h , d i n the case of monographs and non- scientific serials. There are, however 
good reasons for believing that these latter follow essentially the same, or very similar patterns. 



In considering the amount of material flowing into a library- one should look for 

SSE'£“ 

tne literature of librarianship reveals that at least two are well-established. 



3.B. 



The implications fo r l ibrary management of two laws of diminishing returns 



fffltpri 5! r ; S.C. Bradford, then Librarian of the Science Museum Library in London invest!- 
nOntamed in them, and examined the progressive diminution of usefulness as more and more 

.. * ,n? euUr ”°” k »™” 

* c ~-' °“ 

states with slightly different notation, that if R N references on a given subject are derived 
from N journals then the n most productive journals would yield R n references, where 



R = R 



N 



log (1 + 0 n/N) 



log (1+0). 



or 



R 



= gR n log (1+ 0 n/N) 



where 



l/log(l+0) 



and 



a constant characteristic of the subject field and the logarithm is to base 



implies that the nth most productive title yields 



r n references where 



e. This 



- R 



8 - 
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n >1 



Better known than Bradford 1 s Law of scattering is the fact that the use made of a 
document tends to diminish as the document becomes older: this law of obsolescence is in 
effect a law of diminishing returns with respect to length of retention. One formula for this 
law, given by Cole(57), states that if r n (x) is the number of r n references which are older 
than x years, then ” - 

/v * Xx 

r (x) = r e 
n n 

where is a constant characteristic of the subject concerned. 

Now, since we have a well-established law of diminishing returns with respect to the 
number of titles acquired, and also a well-established law of diminishing returns with respect 
to the length of time one retains a document, it should be possible to combine these two laws 
and to analyse the implications of a variety of different managerial decisions with respect to 
user satisfaction, cost minimisation and so on. The remainder of this section gives examples 
of the use of this combination. 



Example no. 1 Potentially most useful stock pattern 

If we assume that a library can accommodate M volumes, then how many titles n, 
retained for x years, would give the most useful service? It is assumed that all titles are 
kept for the same length of time before being discarded (x years), and for present purposes 
we define a volume as one title /year. The definition of "most useful" (which we retain 
throughout these examples) is "that which provides maximal satisfaction level" * i, e. the 
stock which meets the largest amount of the demand falling upon the library. The problems 
caused by lending and the effects of duplication will be discussed in chapter 6. 

Demand will be characterised by R N references to N journals, if all N titles are 
acquired and retained for ever, then the total unsatisfied demand is zero; otherwise the un- 
satisfied demand U is made up of two components* 

(1) the journals which are not taken: R KT - R 

N n 

(ii) the parts of journals which were taken but which have been discarded at the age of 
x years* R n e 

Therefore U = (EL t - R) + Re” Xx 
N n n 

Now if we assume that the n titles are the n most productive of the total of N, then 

R « « R log(i + 0n/N) 

n In 

so that U ,3 (R - R ) +Re“ Xx 
N n n 

s Rn + R n (e - Xx - 1 ) 

= R n { 1 + a (e ' Xx - 4) log (1 + 0 n/N)l 

Now M - nx 




±2 



so that U - R i i + a (e q log (i + n/N)| 

N i 7 Sr 

When we select the value of n (number of titles) which corresponds to the minimal value 
of U (unsatisfied demand), we have the most useful stock pattern. This is fundamentally the 
same approach as that of Cole( 57 ), who produced data on scattering and obsolescence in the 
field of petroleum. He showed that, in a petroleum library which can accommodate about 
2, 000 volumes, about 190 titles all retained for about 11 years would constitute the most 
useful stock pattern and would satisfy about 75 % of the requests. 

Example 2 ; Best value for money 

In the previous example, the aim was to establish the best use of limited space: the M 
most useful volumes, A more practical question is how to make the best use of a limited 
amount of money. 

We assume a budget of £B per annum which must pay fori 



i 

f 

j 



t 

I 




(i) Acquisitions 

(it) Storage (in the form of rent - or rent -equivalent as interest on capital investment - 
light, heat and other overheads). 

How many titles, n, retained for x years would give the best value for money? What is 
the best allocation of the budget between acquisitions and storage? 

Let c be the average cost per title per annum and C3 be the average storage cost per 
volume par annum. Since each of n titles is to be retained for x years, 

B s n(c ± + c 3 x) 

B 



Of the total demand of Rjsj references, we Jmow that the number of references in the n 
most productive titles is R n where 

R =. a R KT log (1 + 0 n/N) 
n N 

Since R e * Xx references occur after the n titles have been discarded at age x, the 
usefulness of n the collection will be 

R -R e' xx = R„ (1 - * ' X *> 

n n n 

- a R n (1 “ e “ X X ) log (1 + 0 n/N) 

Substituting for n we have 

B R n (1 - e ‘ X *) log [1 + 0 B/(c 4 + c 3 x )N] 

and we choose the value of x which corresponds to the maximum value of this function. 

Having established x (retention period) we can readily determine n (lumber of titles) and the 
use of these values will result in the optimal policies. The effect of variations in B (the budget) 
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can readily be calculated. 



This analysis can conveniently be illustrated by calculating optimal policies for two 
imaginary petroleum libraries which have identical user -populations; one is in the city centre 
where storage costs are high, the other in a rural area where storage costs are low. 



4 1 

Assumptions 

Annual acquisitions cost 
Annual storage costs 
Requests received 


City library 

£5 per title 
£0, 125 per vol, 

2, 000 per annum 


Rural library 

£5 per title 
£0. 033 per vcL 
2, 000 per annum 


Conclusions 






If annual budget £1, 000 






Titles taken 


140 


175 


Retention period 


18 years 


22 years 


Vols, in stock 


2, 520 


3, 850 


Requests satisfied 


76% 


80% 


If annual budget £1, 500 






Titles taken 


205 


260 


Retention period 


18 years 


23 years 


Vols. in stock 


3, 690 


5, 980 


- Requests satisfied 


83% 


88% 



This approach can be extended to include choice of binding policies, with specific 
reference to the question of deciding how much extra it would be worth paying to have binding 
done more quickly, thereby reducing the frustration caused to users by the absence from the 
shelves of material at binding. 

Let a be the age that material is sent to binding 
b be the time taken for binding 

c z be the average binding cost per title per annum, which will depend upon the choice of 
binding time b # 

Since n titles are to spend b time at binding and be discarded after x years 

B « n(c 4 + c 2 (b) + c . x) 

_ B 

* * y + e 2 (b) + c~. x 

Of the total demand of references, we know that the number of references in the n 
most productive is where 

= a R n log (1 + 0 n/N) • 

The number of references satisfied before titles are sent to binding at age a is 
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R n - Rn© x a . The number satisfied after a period of b time at binding will be R n e " x (a+b) 
less those lost by discarding at age x, which amount to R n e - The total usefulness of the 

collection will, therefore, be 



R 

n 



R e " Xa + R e ‘ X < a+b > 
n n 



R e 
n 



X x 



R (i - e " Xa + e ' X(a+b) 



e 



- X 



*> 



Substituting for and then n, this becomes 

a (l - e + e ^ ^ - e log [l + 0 B/(c + c (b) + c x)N] 

1 2 3 

The values of b (binding time) and x (retention period) which maximise this function 
denote the best combination of policies. The effect of variations in B (the budget) and a (time 
of binding) can be easily determined. 

Example 3; Minimal costs and minimal delays 

The two examples above assume that all titles are retained for the same period of time. 
This assumption has the virtue of simplicity, but unless the existence of scattering and decay 
be denied, it must necessarily lead to less than optimal results. Far more effective is the 
policy of retaining heavily -'used titles for a longer period than less heavily -used ones. In 
fact, as the usage of each volume declines with time there comes a point at which it would be 
cheaper to satisfy by Interlibrary loan such requests as still occur rather than continue to 
incur storage costs. (For the purposes of exposition, the unit cost of discarding material has 
been assumed to be trivial; in practice this might not be true, and the situation could arise 
where it Is cheaper not to discard even if a document is totally unused* This would be the 
case should the unit cost of discarding, if devoted to some other purpose (e. g, invested in a 
bank), produce a greater benefit than the anticipated saving in storage costs. ) 

If requests for items not in stock are to be satisfied by interlibrary loan, then what 
combination of purchasing and discarding policies will minimise library costs? It is not 
assumed that all titles are retained for the same length of time; there are, therefore, two 
alternative methods of satisfying requests: 



(i) by acquisition and storage of titles; - 
(li) by interlibrary loan. 



Let be the average acquisition price per title per annum, 
be the average storage cost per volume per annum, 
be the average cost per interlibrary loan, 

F be the total overall cost, 
m be the number of titles purchased, 

and r be the total number of requests for the nth title* 

n 

The total cost F will be composed of four parts: the sum of the acquisition costs of the m 
titles acquired; the sum of the storage costs of the volumes purchased but not yet discarded 
at age Xq; the sum of the inter library loan cost of requests for material previously discarded 
and the sum of the inter library loan costs for titles not acquired at all. 
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n = m n a m n m m 

E c 4 + E c ^ + E 

n « 1 n = 1 J n-i 



C 4 -r n e 



-A^ n _ N 

* E 

ii - m+i 



^ 4 * r n 



The problem Is to determine the values of x , x^, x 3 , . . and m which minimise F, 

If we consider the retention policy only in terms of whole years, then x^, x 2 , x N 

can only have integer values and a convenient approximation can b~e achieved by examining 
each title separately. The total number of requests for the nth title is 

r i = R i 



R - R 
n n-i 



n > 1 



Furthermore, the volume of the nth title which Is x years old is likely to be subject to 



MXn-l) 



Ax 



r e 
n 



-re 

n 



requests 



The cost of satisfying these requests by interlibrary loan would be 
- X (x - 1) - X x 



C (r e 
4 n 



r e 
n 



It is clearly economical to retain any purchased title until the age at which its usefulness has 
dropped to the level at which the requests which still occur can be more cheaply satisfied by 
interlibrary loan than by continued storage. In other words the best x is the highest value 
of x for which n 



- X (x - 1) 
C r e n 
4 n 



- Xx 



r e 

n 



a ) >c. 



However, in view of the cost of purchasing the title in the first place, it might still not be 
worth acquiring. The number of requests which it would satisfy before being discarded is 
- Xx n 



r -re 

n n 



and it would only be worth purchasing if the cost of satisfying these requests by interlibrary 
loan were more than the combined cost of purchase and storage whilst retained, i. e. 

- X x 



if C . (r -re 
4 n n 



n )>C + C x 
i 3. n 



The minimal cost occurs, then, when for each title the largest value for x (discarding 
age) is selected which satisfies the condition n 

- X (x -1) “ X x 



C (r e 
4 n 



r e 

n 



) > Q 



and a title is only to be acquired if it can satisfy the condition 

X x 



C (r -re 
4 n n 



l ) > C +C x 
1 3 n 



The number of titles which satisfies this last condition gives the optimal value of m. 
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In this way we can determine a minimal cost policy for our imaginary petroleum 
libraries 





City library 


Rural library 


Assumptions 


Acquisitions cost 


£5 per title 


£5 per title 


Storage cost 


£0. 125 per vol. 


£0. 03 per vol. 


Interlibrary loan cost 


£1 per loan 


£1 per loan 


Conclusions 


Titles taken 


50 


60 


Retention range 


11=24 years 


16=30 years 


Total volumes 


744 


i, 230 


Overall cost (F) 


£1, 160 


£1, 095 


Satisfaction from stock 


58% 


63% 



As the figures above imply, there is in any given circumstances a solution which mini- 
mises the cost to the library budget of meeting a given demand, and this solution involves 
satisfying a particular proportion of demand from stock* However, it might very well be 
decided, as a matter of managerial policy, deliberately to choose a solution other than that of 
minimal cost to the library* This alternative solution can be calculated by defining V as the 
marginal rate of usefulness and substituting it for in the restrictions above, A value of V 
is then selected which will result in the desired percentage of satisfaction from stock being 
achieved at least cost. For example, material not stored locally seems discouragingly in- 
accessible, and the satisfaction of requests by interlibrary loan necessarily involves some 
delay to the reader: the mean delay will be more or less directly determined by the pro- 
portion of requests satisfied by interlibrary loan - the smaller the proportion, 
the smaller the mean delay* However, as has just been shown, there is, in any given 
circumstances, a solution of minimal cost to the library* As the size of the collection is 
increased (so that the proportion of requests satisfied from stock increases from zero to the 
point of minimal library costs -/i* in the graph below) so both mean delay and costs are 
reduced. 



Unit costs 




Unit costs 



However, if the size of the collection is increased, the proportion of requests satisfied from 
stock, m , is increased beyond v * . This means that the continuing reduction in mean delay 
is only achieved at the price of ever more rapidly increasing unit costs* If data on the cost 
associated with various delays and/or degrees of accessibility were available then a truly 
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optimal solution could be established; until then, we can establish the effects on delays and 
on unit costs of any given choice of M and use the information derived to help in making a 
subjective choice. Against this, it must be remembered that even if inter library loans are 
being arranged as speedily as possible at any given unit cost, the delays can generally be 
reduced by other kinds of investment than increasing collection size - for example by using 
telex, telephone or telefae simile* In particular, increased investment in improving national 
lending facilities might well be a more economical solution, in national terms, than the 
summed costs of increased collection size at each local service point. 

Summary 

The three-dimensional structure of the pattern of library usage implied by these two 
laws of diminishing returns is represented graphically in Figure 3* 1 on page 16. 

OP represents the collection size in number of titles, and OQ the length of time that 
titles are retained. The vertical dimension represents the intensity of use of material in 
any given position, defined by its age (OQ axis) and by its ranking in the pattern of 
scattering (OP axis). The thin lines represent the contours of equal intensity of usage on the 
concave upper surface* Diagram A shows the type of stock pattern given in examples 1 and 
Z above, where a" titles are all retained for x" years. Since the collection size is defined 
by the area On" Ex" , the demand it can meet is represented by the volume of space 
ABCDQn " Ex " , 

Similarly Diagram B shows the solution in example 3 above, in which titles are not all 
kept for the same period of time, but only until usage has dropped to a common threshold, 
which is represented in this case by the contour DF, However, titles in the region ’v* 

have so little use that they are not worth acquiring in the first place; consequently the 
collection is denoted by the area On ""Ex"" , and the volume of demand satisfied by this 
collection profile is denoted by the volume of the space ABCDOn""Ex"" . 

The number of variables in the examples is simply a reflection of the number of factors 
involved in library management. 

Conclusion 

In the examples above it was implicitly assumed that the proportion of provision from 
stock would not affect the pattern of demand. Since physical accessibility is known to be 
a factor affecting the demand for library services, as Harris(lOS), Rosenberg( 2 il, 212 ) and 
Allen and Gerstberger(E) have demonstrated, it is likely that, with present technology, 
items not in stock will seem less accessible to the user even though he may have access to 
excellent inter library loan facilities; consequently users may tend not to request an item on 
interlibrary loan even though they would have consulted it had it been on the shelf. This 
aspect of user behaviour clearly needs further examination. Even so, the obsolescence of 
literature and Bradford f s Law of scattering are potentially powerful tools in the analysis of 
library systems. 

The work outlined in the examples above was carried out in the summer of 1967 and is 
described more fully in Buckland, M. K. and Woodburn, I, Some implications for library 
management of scattering and obsolescence . (University of Lancaster Library Occasional 
Papers, No. 1). 1968. The interested reader is also recommended to read a paper by Mr, 

8, C, Brookes entitled 'Statistical distributions in libraries and documentation' which has been 
published in Planning library services; edited by A. G. Mackenzie and LM. Stuart, (University of 
Lancaster Library Occasional Papers, No. 3). 1 969. 
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3.C. Scatter, decay and Inertia; Ztpf and others 



As work on this project progressed it became increasingly clear that statistical patterns 
similar to Bradford's Law of scattering recurred widely in librarianship and information 
science. It also seemed that the further investigation of the nature and the implications of 
these patterns, as in the previous section, could be of enormous importance. These thoughts 
were strengthened by the publication of an article by Kozachkov and Khursin entitled ! The 
bass.^ probability distribution in information flow systems , (141) which describes the fun da - 
mental similarity of a number of known similarities in the flow of information. They propose 
a basic model, called the hyperbolic ladder 1 , and relate it, in particular, to work in 
linguistics by Zipf, in documentation by Bradford, and in the science of science by Lotka, 



Zipf's work was based upon his studies of the relative frequency with which different 
words occur, and especially a characteristic frequency distribution - a rectangular hyperbola 
(where x.y sC) for a rank /frequency graph, Zipf's law states that the number of occurrences 
of a work in a long stretch of text is the reciprocal of the order of frequency of occurrence: a 
feature which had earlier been observed by S.B. Estoup(263). This distribution was found to 
fit a wide range of languages and texts, and Zipf extended his work to cover a wide variety of 
non -linguistic activities. 



Zipf first published his treatise on 1 dynamic philology' (264) in 1933 and Bradford pro- 
pounded his 'Law of scattering 1 (26) in 1934, Zipf published his magnum opus(263) in i 949; 
Bradford in 1948 (25). 



A number of writers have commented on the similarity of the work of Zipf and Bradford, 
notably Fairthorne(8i, 82), Kendall(134), Kazachkov and Khursin(141) and Brookes(29). 

In so far as both journal articles and words are items of information used in a wider 
process of communication, the analogy between scientific literature and natural language 
is not entirely fanciful - least of all when journal use frequency follows the same pattern as 
word-use frequency as revealed in mathematical linguistics. Work on Bradford's Law of 
scattering has been based largely on citation analysis, but the same results are reported when 
actual usage is examined (e.g. Bourne(22), Fleming and Kilgour(84)), A variation of 
Bradford's theme is reported by Kendall(l35) who analysed the distribution by author of 
references in one of his own books, and found that the same pattern emerged, 

Zipf himself examined the distribution of lengths not only of concert items, newspaper 
reports, and encyclopaedia articles but also the tenth of monographs in the catalogue of 
Harvard College library, as measured by the number of pages. In each case the same 
general 'Zipf curve 1 is found(263). Subsequently Saxena has reported that book height, which 
is perhaps less closely related to the information flow than is the length of the text, follows 
a different pattern(216). 

Another aspect of monograph usage which has been curiously neglected is the distribution 
of usage over different titles. Bradford's Law of scattering has been referred to as a 'law of 
libraries', but in fact its relevance to documents other than journals has hardly been 
examined. There is, however, fragmentary evidence in work by Fussier and Simon(86)„ 

T rue swe 11(237) , and L6rincz(158) that a similar pattern emerges. 

It is not, however, only in the usage of library services that a Zipf -type curve has 
been observed, but also in a human aspect of the provision: subject indexing. Raver (204) 
has reported: 'Descriptors are not used with the same frequency, some occurring very 
often and others very seldom. If we plot the frequency of usage of the different descriptors, 
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we obtain the so-called Zipf curve 1 . More recently an experiment by the Co-ordinate 
Indexing Group has been shown by Dammers(6B) to reveal a Zipf -type curve in the distribution 
of descriptor usage and a similar kind of mathematical relationship between the number of 
documents indexed and the number of different descriptors employed. Perhaps the fact that 
descriptors in a subject index follow the same statistical pattern as that revealed by 
mathematical linguistics in natural language should have been expected: subject indexing 

systems, being composed of Items manipulated to transmit information, have sometimes 
been regarded as languages - or 'met a -languages* - a theme treated at length in Coyaud's 
Introduction k I'dtude des languages documentaires( 65)« It would, therefore, be all the more 
appropriate to find a similar pattern in them both. 



Apart from the use and provision of information services, the same distribution is 
evident in the original sources of information. The distribution of authors according to the 
number of articles they write was shown by Lotka(159) in 1926 to follow a pattern similar to 
that later propounded by Zipf. 

One non -linguistic field in which Zipf s work has led to a considerable amount of work 
is regional planning - notably In the derivation of 'gravity models 1 for such problems as 
planning shopping centres(l87). The effect of distance on academic library use has been 
somewhat neglected, but an exponential fall -off with distance of use of public libraries is 
well established. The law of retail gravitation has in fact been used to help select public 
library sites(2Q9), 

In this context it may be observed that there are a number of other aspects of library 
use which follow a negative exponential form, often similar to the rectangular hyperbola. 

For example, the best known statistical regularity in librarianship is the fact that when the 
use of documents is plotted against their age a negative exponential pattern is revealed. 

This has been extensively studied in the case of journals (Bourne(22)) and also of monographs 
(Jaln(129)), A study at M*LT. of the length of stay on each visit to the Science f ; Lb r ary 
revealed a negative exponential pattern - albeit with two populations(35), 

Zipf's studies of word frequency were supplemented by an elaborate explanation of the 
pattern revealed, and he argued that every individual's entire behaviour is governed by the 
Principle of least effort or 'the least average rate of probable work*. The explanation has 
received heavy criticism; and yet the pattern revealed by Zipf is an economical one: the 
more frequent use of long words instead of short ones would require more effort. However, 
most linguists regard language as primarily the spoken word and it seems a little surprising 
that speech should be dictated by factors such as the number of letters in a word. In the 
social and economic manifestations of Zipf's law, especially those concerned with distance 
(such as retail shopping gravity models), the conflict between the relative attractiveness of 
larger centres and the desire to minimize travelling effort provides a very plausible ex- 
planation. 

In the field of libraries, where apparent manifestations of Zipf's law are evident, 
there Is independent evidence that convenience is a dominant factor in determining library use. 
Rosenberg(211 # 212) surveyed by psychometric techniques the attitudes of ninety -four 
scientists In industrial and governmental environments, only some of them engaged in r e = 
search, and inferred that 'the ease of use of an information gathering method is more 
important than the amount of information expected* (211). 

Allen and Gerstberger(2), investigating scientists' criteria for selection of an inform- 
ation Source, reported 'a di roet* relationship between accessibility of information channels 
and several objective measures of utilization, whereas no definite support is found for the 
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hypothesis that the channels perceived highest in technical quality are those used most 
frequently 1 , Harris(lQS) has examined the influence of physical accessibility on a variety of 
aspects of university library use by students. In each case increased physical accessibility 
resulted in greater use and 'there are many situations In which the absence of reasonable 
accessibility will result in a complete absence of use*. 

Some attempts have been made, using the apparatus of information theory developed by 
Shannon and Weaver, to clarity Zipf f s ideas. For example, experimental studies have been 
carried out(12S) in which reading times have been taken as indices of the effort involved in 
handling a word. The experimental results show a reasonable match with the hypothesis 
that human beings choose words in such a way as to transmit the maximum amount of in- 
formation (in the ’information theory* sense) in a given time period. Word usage may be 
governed by economy of effort and this can perhaps be measured as economy of time. 
Mandelbrot (163) considers the problem of designing a least -eost vocabulary, and states that 
the problem is that of designing a vocabulary such that it transmits the maximum amount of 
information compatible with cost constraints. He shows that the distribution of word frequency 
in the ideal vocabulary follows a more general version of Zipf's law - a law fitting the data 
more successfully than does Zipf’s formula. 

This survey can be summarized in two sentences. Firstly, a wide variety of aspects of 
the transmission of information is characterized by a particular probability distribution. 
Secondly, convenience, or something in the nature of a Principle of Least Effort, is a 
dominant factor in at least some aspecto of the transmission of information. 

What significance, we must than ask, is there in this for library systems analysis? 

The answer would seem to be that these speculations deserve closer examination at three 
levels, 

(i) D escriptive 

How valid is the assertion that one kind of statistical distribution recurs in a variety of 
different situations? This can only be answered by the collection and examination of data in 
each particular case. This essentially descriptive work would seem in general to be worth 
doing even if its practical significance might seem at first to be limited, Bradford(24) 
observed in 1946 that his law ’conforms to the mathematician’s criterion of being no possible 
practical use whatever ! ;(24, p?44) In fact, this was not true even then, because Bradford 
himself used it to draw some important conclusions concerning the extent to which abstracting 
journals could be expected to cover the relevant literature. Even if no more were achieved 
than a better theoretical understanding of a particular aspect of information transmission or 
library use, closer examination would seem worthwhile. For the most part, however, better 
understanding could be expected to lead to practical improvements. 



(ii) Theoretical 

The mere existence of a single pervasive distribution in a wide variety of aspects of the 
transmission of Information is striking. The fact that there appears to be a unifying feature - 
human economy of effort - is also striking. Could these facts be used as the starting point 
for the development of some general theory of information transmission which is notably 
lacking in librarianship and information science? Could this be the means of achieving some 
degree of synthesis in the fragmented field of communications, between information theory 
and librarianship, linguistics and information flow studies? 
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(iii) Managerial 

In the provision of library and information services there are many practical problems. 
Unfortunately the managerial problems have not been given as much attention as they deserve, 
and the literature of library management is somewhat barren. Efficient library managem n 
calls for more than technical skills in the provision of library services. These skiUs do not 
tell you how many documents to buy, how long to keep them, where the ^ lb d r ^® h °^ e d ^ c , on °: 
how long the loan period should be. For this some understanding is needed of the likely con 
sequences of such decisions concerning the type, scale, and manner of library provision in 
the^'cmmplex ecological system of the library , its users, and the world at large. Progress m 
this area has depended largely upon the recognition, verification, and implications of 
topics surveyed above: scattering and obsolescence, the randomness of request patterns, and 
ths importance of ease of access. 



.. , _ f the above section was published under the title ’Library Zipf’ in the journal 

ss ™ nd - 

(Bradford- Zipf- Mandelbrot) for bibliometr ic description 
and prediction’ in the journal of Documentation 25(4) December 1969, 319-343. 
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CHAPTER 4- THE INDIVIDUAL LIBRARY IN RELATION TO ITS USERS AND TO OTHER 
LIBRARIES 



A* Introduction 



Although this report is primarily concerned with the individual library, it must be 
remembered that libraries do not operate in isolation. No library can be entirely self- 
sufficing, and depen dance on other libraries, especially for inter library loans, has 
become a normal and natural part of librarianship. In the previous chapter # it was shown 
that the ability to procure material and the speed with whieh this could be done was an 
important factor in the planning of libraries. In fact the problem of establishing a balance 
between storage of material at the local level and reliance on access to material elsewhere 
is of fundamental importance* local storage will be more accessible, but remote - perhaps 
centralised - storage may be more economical, in that less duplication will be needed. 
Indeed duplication and, therefore, storage costs would be minimised by having one single 
central library from which all documents could be borrowed as required. Against this must 
be set the transport costs and the •cost 1 to the reader of using such relatively inaccessible 
material: although the user may not personally have to pay money for interlibrary loans, 
there is, nevertheless, an effort and a delay involved; this expenditure of effort and time 
can reasonably be called a ! cost' and must be taken into account if an overall view of the 
library service is to be taken. Each user has a limited amount of both time and energy at 
his disposal for his various activities, and the more of each which is Involved in library use, 
the less is available for other activities such as teaching or research. Furthermore, and 
this is very important, his behaviour in general, and his library use in particular, is 
likely to be strongly influenced by his own expectations of the amount of energy and time 
required for various possible activities: it is well established, for example, that distance 
to a library Is an important factor in determining the amount of use made of it* 



So far discussion has concentrated on a two -level system: a local library plus inter- 
library loan facilities. In practice, it is common to have a system with more than two 
levels: for example, for most of the population of Great Britain, the nearest public library 
will be a branch library or a mobile library; baeldng that will be the central library of the 
local library service, and backing that will be the rest of the national library system. The 
library user in a university uses books which are commonly stored at four distinct levels of 
accessibility: 

(1) a personal collection- 

(2) a departmental library; 

(3) a university library; 

(4) other university libraries and national libraries. 

Because material is more accessible at the lower levels (i. e. personal collections and 
departmental libraries) it is reasonable to suppose that, from the point of view of the Indivi- 
dual, the best system at a given cost is one in which the most -used material belongs to his 
personal collection and so on by degrees until the least -used material is held at national 
level. Furthermore, the more there is at the lower, more accessible levels, the better it 
is for the user. 

Although a personal library is established for the benefit of one individual, a depart* 
mental library must eater for demands from all its members. In practice it must cater 
for the sum of the residual demands from its members, since some of their demands will 
have been met from their own collections. Similarly, a university library must cater for 
the sum of the residual demands from all members of all its departments, and a national 
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library for the sum of the residual demands from all universities. 
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This principle, the principle of residual demand, has been used to establish a simple 
mathematical model for a hierarchical library system. The model will be described in 
mathematical terms and its use will be illustrated by means of a simplified but realistic 
example, 

B. The Basic Model 

Consider a library system which has four levels of storage:- 

(1) Personal libraries 
(E) Departmental libraries 

(3) University libraries 

(4) a National library 



Let M be the total number of titles to be stored in the system, and let N be the total 
number of users of the system, 

rl jkl be tbe expected number of demands in a specified period of time (e, g, one 
year) for the ith title from the jth user belonging to the kth department of the 1th university. 

Considering each storage level in turn:- 

(1) Fersonal library : we assume that personal libraries hold all titles i for which 

i w * 
r . > r 
jkl 

where r is the marginal level of demand below which the title is not held (for simplicity it 
is taken to be the same for all titles), 

(2) Departmental library : let q be the expected number of demands for the ith title 
from all members of the 1th university. 

Then applying the principle of residual demand we have 



i 



,kl 



jkl 



where 



jkl 



0 



if r ^ > r at the personal library level. 



We assume that departmental libraries hold all titles i for which 

r 1 > r* # 

,kl * r 

where r** is the marginal level of demand below which the title is not held and it is taken to 
be the same for all titles. 



(3) University library : Let _ x be the expected number of demands for the ith title 
from all members of all departments of the 1th university. 

Then applying the principle of residual demand we have 
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where 



.kl 



0 If r 



.kl 



> r 



at the departmental library level. 



We assume that University libraries hold all titles i for which 
r 1 > r ## * 

t 9 1 

where r # ** is the marginal level of demand below which the title is not held and it is the 
same for all titles. 



( 4 ) National library : At this stage we have a choice: we can insist that the national 
library holds aU titles, or we can define r**** to be the marginal level of demand below 
which the title is not held, and apply the principle of residual demand to discover which titles 
should not be stored at the national level. The first assumption seems more appropriate, and 
as the costs of duplication are small we assume that the national library holds all M titles. 

At this stage it should be evident that the marginal levels of demand r # ,r ## and r*** con= 
stitute a storage policy for the system: if we change their values then we change the pattern of 
storage and also the way in which demands are satisfied. For any particular policy we can 
calculate the number of titles stored at each level and also the total number of demands 
satisfied from each leve l, a nd the total cost of providing the service can be calculated. Also 
if we define t* , t # * , t*** and t**** to be the average times of access to material stored at 
personal, departmental, university and national levels respectively, then we can calculate 
the overall average time of access to the system. 



One simplification that has been made at the outset is that material can only be 
transferred between libraries at distinct levels in the system: e.g. inter -University -library 
loans are treated as loans from a national library as far as cost and access times are con- 
cerned. 



If we wish to compare two storage policies then we select two sets of values for the 
marginal levels of demand and simulate the operation of each system for a fixed pattern of 
expected demands r "jkl« The total cost and overall average access times for each system can 
then be compared. 

The applicability of the model will be illustrated by means of a simplified but realistic 
example which highlights the information that is required before systems of this kind can be 
viewed objectively. 

Application of the model 

There are about 50 Universities with an average of 30 departments per University and a 
grand total of 250, 000 staff and students. It is most unlikely that the expected demand for 
each title from each of the 250, 000 users can be measured, and an alternative approach is 
therefore necessary. Personal libraries are excluded from the illustrative example, so that 
the basic quantities required are the r 1 kl , i. e . the summed residual demands for the ith 
title from all members of the kth department of the 1th university. 

Even so there are about 7 million titles held by the British Museum library at the present 
time, and it is most unlikely that the expected demands for each of these titles could ever be 
measured. Therefore in the example the number of titles that have been considered is 
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restricted to what might be called "the most used scientific journals in the eaify 1950^"* 

The data that has been used to represent the quantities r 1 ^ has been taken from C.H. 
Brown Scientific Serials (ACRL monograph 16) Chicago, ACRL, 1956. In the course of * 
Brown's study he produced a consolidated alphabetical list of the 612 most frequently -cited 
scientific serials, classified according to the source journals in eight subject fields. The 
subject fields, together with the total number of journals cited and the total number of 
citations are listed in Table 4. 1. 



Table 4. 1 



Journals cited Citations 



( 1 ) 


Mathematics 


179 


3348 


(2) 


Physics 


320 


9596 


(3) 


Chemistry 


275 


10518 


( 4 ) 


Geology 


490 


2913 


( 5 ) 


Physiology 


299 


5984 


(6) 


Botany 


376 


4995 


( 7 ) 


Zoology 


663 


2775 


(8) 


Entomology 


350 


2326 






TOTAL 2952 


42455 



The figure of 2925 journals cited includes some duplication but the data necessary 
to identify these are not recorded. However, if the number of journals cited five or more 
times on each of the eight subject lists are added together the total comes to 828 titles* 

S° me of these titles occur on more than one subject list and there are 612 distinct titles in 
the consolidated list. It has been assumed in this example that there is no overlap in the 
less -cited journals, 1, e* that they are classified into one subject heading only. This implies 
that 2925 - 828 + 612 - 2736 distinct journals were cited a total of 42455 times* 

The degree of overlap of the 2736 cited journals can be measured by the number cited in 
1, 2, 3 etc* subject fields. The complete distribution is contained in Table 4* 2, 



Table 4. 2 



No* subject fields 

1 

2 

3 

4 

5 

6 

7 

8 



No* Journals cited 

2617 

67 

34 

6 

4 

4 

“2 
2 

2736 



The apparent lack of overlap In the basic data helps to explain the large part played by 
departmental libraries in the ensuing analysis. 



The basic data for the simulation exercise is the array of numbers listed by Brown on 
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pages 143-154 of his book, and the first ten rows of the array are reproduced in Table 4* 3 
for the purpose of illustration. 

Table 4. 3 





Maths 


Physics 


Chem, 


• 

o 

4> 

o 


• • 
o 

3 

£ 


>> 

<8 

M 


Zool. 


, Enfant „ 


TOTAL 


Acad. Med. Belg* Bull. 








m 


10 






10 


Acad, Belg. Cl. Sei, Bull 


12 


• 


• 


m 










42 


Acad, Sci. Paris, C.R, 


125 


213 


239 


16 


19 


173 


43 


16 


844 


Acad* Nat. Sci* Fhilad. , 


Proc, , 


, 




m 


_ 




8 




8 


Acad, Lincei, Mem. 


m 


m _ 


8 












8 


Acad, Lincei, R. 


10 




m 


] 










10 


Acoust, Soc. Amer. , J. 


, 


16 


m 


m 










16 


Acta chem. scand. 


, 




212 


m 










212 


Acta cryst* , Camb, 


* 


32 


14 


9 










55 


Acta Hort, berg. 


. 


- 


. 


* 


V 


11 


, 


m 


11 



In this exercise the array represents the quantities r\ ^ with the index i running over 
the 612 journals (or more accurately, the 2736 journals). The subject fields represent the 
departments i, e, kd, 2, 3, , 8, 



For the sake of extreme simplicity it has been assumed that the library system must 
eater for 50 identical universities, each with 8 departments, and with identical demands for 
each of 2736 titles i, e, 

^ kl ^ constant for all 1 universities 

Since the degree of overlap in expected demands is very important to the design of an 
efficient storage system, this simplification is not critical. 

The time period is considered to be one year so that 42455 demands are made in one 
year for 2736 titles at each of 50 universities* 

Another simplification has been made in defining alternative storage policies for the 
system, namely that the marginal levels of demand are equal at each level of storage i, e, 

_ r*** , In order to provide a wide range of results the levels that have been investi- 
gated are 5000, 2000, 1000, 500, 200, 100, 50, 20, 10 and 5 demands per annum. 

Table 4.4 contains the number of titles stored and the number of requests satisfied 
from each storage level for each of these marginal levels of demand. The results apply to 
each of the 50 universities, 

Qper ating c ost s 

We assume that each demand generates one issue and return and that the unit cost of 
the pair of transactions is 1 /-, from whatever storage level that demand is satisfied. 

In addition a transfer charge is included for all demands satisfied from the national 
level; this covers postage and packing and a handling charge. It is not a fixed unit cost since 
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Table 4* 4 



Marginal level 


Departmental 


University 


National 




of demand 


Titles 


Requests 


Titles 


Requests 


Titles 


Requests 


5000 


NIL 


NIL 


NIL 


NIL 


2736 


42455 


2000 


2 


5606 


NIL 


NIL 


2736 


36849 


1000 


3 


6762 


NIL 


NIL 


2736 


35693 


500 


7 


9876 


4 


3105 


2736 


29474 


200 


38 


18551 


10 


2940 


2736 


20964 


100 


68 


22667 


16 


2329 


2736 


17459 


50 


135 


27409 


30 


2169 


2736 


12877 


20 


308 


32544 


43 


1186 


2736 


8725 


10 


568 


36022 


9 


127 


2736 


6306 


5 


612 


37834 


NIL 


NIL 


2736 


4621 



economies of scale are Important: a curve has been drawn for which the unit cost is 15/- 
when there are 150, 000 loans per annum, 10/- when there are 460, 000 loans per annum and 
5/- when there are more than 2, 000, 000 loans per annum. 



At this stage another simplification has been achieved by assuming that a single copy of 
each journal is sufficient to provide an adequate standard of service so far as the "immediate" 
availability of material is concerned. The impact of duplication and permitting borrowing 
will be discussed in Chapter 6. A cost of £15 per title is assumed. 

These unit costs have been used to derive the following table of operating costs for the 
system as a whole. 



Table 4* 5 



Marginal level 
of demand 


Purchase 


5000 


41, 040 


2000 


42, 540 


1000 


43, 290 


500 


49, 290 


200 


77, 040 


100 


104, 040 


50 


164, 790 


20 


304, 290 


10 


473, 790 


5 


500, 040 



Costs (£ per annum) 



Issue 


Transfer 


TOTAL 


106, 138 


530, 688 


* 677, 866 


106, 138 


460, 612 


609, 290 


106, 138 


446, 162 


595, 590 


106, 138 


386, 846 


542, 274 


106, 138 


327, 562 


510, 740 


106, 138 


290, 983 


501, 161 


106, 138 


265, 588 


536, 516 


106, 138 


223, 578 


634, 006 


106, 438 


189, 180 


769, 108 


106, 138 


155, 959 


762, 137 



The minimum operating cost is associated with the marginal level of demand of 100 
which, on referring back to Table 4, 4, is equivalent to a 40% level of loans from the 
national library (i. e* 40% of total loans are satisfied from the national library level). In fact 
on our assumptions costs do not vary greatly over the range 30-50% national library loans. 



Access times 



So far the only costs that have been considered are the costs of providing the service. 
We now go on to consider the costs that are incurred by the user, and we begin by defining 
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average tunes of access. These times are associated with the time it takes to obtain a book 
or a journal after the need for it has been recognised. 

Times assumed are: 

0, 1 hours from a departmental library 
0. 5 hours from a university library 
12 hours from a national library 
(this last estimate represents i s 5 working days). 

the „™L° V t£S to tXX'o beX f " *"* t0t>1 °"" ber ° f dem “' dS <"* 



Marginal level 
of demand 

5000 

2000 

1000 

500 

200 

100 

50 

20 

10 

5 

User costs 



Table 4. 6 

Overall average 
access times (hours) 

12 

10, 4 
10,0 

8.4 
6.0 
5,0 
3,7 

2.5 
1.9 

1,4 



Total annual 
operating costs (£) 

677, 866 
609. 290 
595, 590 
542, 274 
510, 740 
501, 161 
536, 516 
634, 006 
769, 108 
762, 137 



40/- per hour 
4/- per hour 
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Tsi>le 4. 7 



User cost 40/- 


per hour 




Marginal level 


Total access 




of demand 


time (hours) 
each univ* 




5000 


42, 455 


4 e 


2000 


37, 409. 6 


3, 


10QQ 


36, 369,2 


3, 


500 


32, 014. 1 


3, 


200 


24, 289, 1 


2, 


100 


20, 890. 2 


2, 


50 


16, 702.4 


1 , 


20 


12, 572.4 


1 . 


10 


9, 971,7 




5 


8, 404.4 







Costs (£ per annum) 


grand 


user 


operating 


total 


500 


677, 866 


4, 923, 366 


740, 960 


609, 290 


4, 350, 250 


65J., 920 


595, 590 


4, 232, 510 


201, 410 


542, 274 


3, 743, 684 


428, 910 


510, 740 


2, 939, 650 


089, 020 


501, 161 


2, 590, 181 


670, 240 


536, 516 


2, 206, 756 


257, 240 


634, 006 


1, 891, 246 


997, 170 


769, 108 


1, 766, 278 


840, 440 


762, 137 


1, 602, 577*— 



Table 4, 8 



User cost 4/- per hour 



Marginal level 
of demand 

5000 

2000 

1000 

500 

200 

100 

50 

20 

10 

5 



Costs (£ per annum) 



User 


Operating 


Grand total 


424, 550 


677, 866 


1, 102, 416 


374, 096 


609, 290 


983, 386 


363, 692 


595, 590 


959, 282 


320, 141 


542, 274 


862, 415 


242, 891 


510, 740. 


753, 631 


208, 902 


501, 161 


710, 063 


167, 024 


536, 516 


703, 54Q<— 


125, 724 


634, 006 


759, 730 


99, 717 


769 , 108 


868, 825 


84, 044 


762, 137 


846, 181 



C. Conclusions 



The purpose of the modelling presented in the previous section was to clarify some of 
the factors involved and to serve as a basis for further discussion. Although a three-tier 
library structure was assumed, the methodology could be used to treat a system involving 
two, three, four or more levels in the same way* 

One of the most important features of mathematical modelling is that a variety of data - 
real or imaginary - can be used to see what effect different data would have. The numerical 
results in the previous section are fictitious, and should be regarded only as illustrative of 
the methodology discussed. The data which have been used are of the type which is needed 
for a serious treatment of storage problems, but which is not available for use at present* 
Nevertheless the introduction of computers into libraries could revolutionise the availability 
of data, and it is clear that the development of techniques for measuring the expected demand 
for books and journals is a matter of pressing importance. Similarly the degree of overlap 
in literature usage by different disciplines is also a critical factor in studies of this type* 
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CHAPTER 5: THE PATHOLOGY OF LIBRARY PROVISION 
PART 1; HINDRANCES AT THE LOCAL LEVEL 

.hen 1. is available Joe flu,,. „ h „ ne«i » S T™ “*? ,f **«»=»* 1= lo a library, 
examine more closely the availability of books belnn<H er , 31111 “ the following chapter we 

to isolate and quantify the factors wMch do in practfce” Merfere^m'th 111 ' 1 'Thf our ' attem P ts 
This chapter deals with the identification of the relevant fomnr! availability of books, 

of their relative importance, and an account of ^ t t ® quantltative assessment 

service at Lancaster. In thi 

in some detail. ~ on lendin S and duplication is described 

— Factors affecting the availability of books 

iS. T TL 5 ?^^dmo 9 ff m * T™* W “ CO ° dU “' d “ »“ ™>" “n.vnrsity library .. 

* however approve. «» /e. at lv?,”“ 

fo-i 

also of the number of visits At the exit hnv 6 number of questionnaires handed out and 

sf:~3?^ps~rr 

Although it had not seemed possible to establish the location of items at the actual time th« 
.t ^l^er,"le a «ngtte llto^!"’ 0 '’ ad ° P " !d " " t, “* the ■«“<“ «“» . few minute. of 

Asa second check another method of measuring unrecorded use was al^n 

SISrJ!Si^J=SSSSXsS; 
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UNIVERSITY OF LANCASTER 
LIBRARY SURVEY 



Last year the University Library began a Government- sponsored research 
project on the efficient management of library services. This questionnaire 
is being given out because we need some information which we cannot collect in 
any other way. Please cooperate by answering the questions carefully and so 
ELF THE LIBRARY TO HELP YOU, Accurate information will be very 
useful to us in trying to make our service better for you. 



QUESTIONNAIRE 

^ ESSENTIAL to give NUMERICAL answers relating ONLY to THIS VISIT 
to the Library, however untypical of your normal behaviour it may be. — 

1. How man y books, journals, etc. did you bring with you to use In the library 

on this visit? ~ = ‘ J 

SHORT LOAN BOOKS 

2. How many Short Loan books did you borrow on this visit? 

3. How many Short Loa n books which you wished to borrow were you not able 

to obtain on this visi t ? [~~“j — 

Please list the author, title and classmark, if known, of the Short Loan 
books which you were not able to borrow: 

Author Title Classmark (if laiown) 



1 . 



2 . 



3 , 



4. 



5 . 



6 , 






LONG LOAN BOOKS, JOURNALS etc, 



4. How many long loan books, journals, etc. did you borrow on this visit? 

[N.B. ,, Borrowed n f in this context, means "issued at the service desk, normally 
for use outside the Library!'] 

*30- 
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Fig. 51 



5, How many long loan or 1 referenc e only 1 books, journals, etc, did you consult 
during this visit but not borrow? 

[N # B # "Consult", in this context means "use within the Library", but please 
include any photocopies you asked to have made. ] 

6, How many long loan books, journals, etc, did you wish to borrow or consult, 
but were NOT able to obtain during this visit? f 



Please list the author, title and classmark, if loiown, of the long loan books, 
journals, etc, that you were not able to borrow or consult: 

Author Title Classmark (if known) 



1. 

2 , 

3. 

4, 



5 # 



6 . 

7 . 

8 , 

9 - 

10 , 



7 . 



What is your status? (Please 

1. Undergraduate 1st year 

2. Undergraduate 2nd year 
3* Undergraduate 3rd year 



tick the appropriate box) 

1 I 4, Postgraduate 

I I 5, Member of academic staff 

| — [ 6. Other: please specify 



n 

□ 



8 , 



Please state: 

If UNDERGRADUATE: Major or intended major: 

If POSTGRADUATE: Department Degree sought . 

If ACADEMIC STAFF: Department .... 



Thank you for your cooperation. 

A.G* Mackenzie 
Librarian 



PLEASE PUT THE COMPLETED QUESTIONNAIRE IN THE BOX PROVIDED AS YOU LEAVE 
Fig SH(contd,) "31“ 



(i) 


Questionnaires handed out 


' 789 




Questionnaires returned 
Percentage returned 71 


563 


Ui) 


Short Loan issue (actual) 


304 




Short Loan issue (questionnaire) 
Percentage recorded 63 


193 


(iii) 


Long Loan issue (actual) 


188 




Long Loan issue (questionnaire) 
Percentage recorded 57 


107 



The three percentages 71, 63 and 57 are in close enough agreement to suggest that the 
returned questionnaires present a balanced picture. All subsequent data are taken from the 
questionnaires unless specifically stated to he otherwise. 



Failure to find items 



The main purpose of the survey had been to assess the relative importance of the factors 
which prevent readers from finding the material which they want. 165 Long Loan items were 
recorded as not available in response to question 6 : of these 165 items, 33 were unidentifiable 
from the information recorded; the remaining 132 fall into the following categories: 



Frequency 



Titles 



1. On loan 39 

2 . On shelves 23 

3. In use li 

4. On Short Loan shelves 10 

5. Missing 9 

6 . Not owned or on order 9 

7. At binding 6 

8 . On loan but also on Short Loan shelves 6 

9. On loan but also Short Loan copy on loan 4 

10* On loan but also available in stack 4 

11. Missing but replacement on order ‘ 3 

12 * On order: not yet arrived 2 

13. Missing but another copy available in stack 1 

14. Awaiting photocopying 1 

15. Av/alting re shelving 1 

16. On loan, another copy at binding 1 

17. Kept at service desk 1 

18. Exhibit removed during survey 1 

Total 132 



38 

18 

8 

10 

9 

8 

6 

6 

3 

2 

1 

2 

1 

1 

1 

1 

1 

1 

117 



Since these data became available a number of remedial steps have been taken to 
improve availability: two of these were the direct result of work carried out as part of the 
research project being described in this report. A major change in loan policies was im- 
plemented during the summer of 1969 in order to reduce the number of times that items are 
out on loan when sought - the biggest single source of frustration; this change is described in 
Chapter 6 . A change was made in binding policies in order to reduce the frustration caused 
by books being at binding when required: this is described in the next section. Other 
remedial actions unconnected with the research project include the installation of an anti- 
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theft device to reduce the number of books which are illegally borrowed, and a re “Organisation 
of the acquisitions department. Perhaps the most striking feature of the data is category 2, 
the second largest category, in which 23 items were in the correct place on the shelves when 
checked; similarly a number of items sought on the open shelves had been transferred to the 
closed access reseiwc collection, where they were available at the time of search. These 
two facts suggest poor searching, or possibly inadequate or misleading guiding of the library, 

B, A simple cost=benefit approach to domestic binding . 

During the early summer of I960 information was needed on the advantages of establishing 
a domestic bindery; since the University Grants Committee had expressed doubts about the 
economics of the intention to develop a bindery within the library instead of relying on com- 
mercial binderies. Attention was at first concentrated on the mathematical analyses outlined 
in chapter 3, and in fact the strategy of establishing a play-off between scattering and obsol- 
escence was originally conceived as a method of establishing to what extent it would be worth 
paying extra for a faster binding service. Unfortunately detailed information on scattering and 
obsolescence was not available and the circumstances did not seem to justify the task of 
collecting it, so a cost-benefit analysis was carried out instead. 

University of Lancaster Library was currently having 6, 000 volumes bound each 
year by commercial firms at an average cost of 23/- per volume. Enquiries from a number 
of other British university libraries which have domestic binderies produced little relevant 
factual information, but suggested that their average unit costs were about 24/ 

Against these higher costs must be set the following expected benefits: 

(a) There will be a reduction in fairly senior, as well as junior, staff time in preparing 
books for dispatch (fewer records, no packing, etc,), 

(b) There will be a reduction in the frustration and cost to readers of the delay from the time 
when a reader requests a book to the time of its return to the shelves from binding - this 
delay appears to average 5 weeks and may on occasion be 10-12 weeks. 

(c) If this delay is not acceptable to the reader, a lesser delay (but also a cost) is incurred 
by obtaining the required item on interlibrary loan: in real terms this unit cost was 
estimated as 25/- per volume in 1954 - and Is certainly more now. Even the marginal 
direct cost (staff time, postage, etc,) is probably not less than 10 /- per loan. A 
domestic bindery will avoid most of this interlibrary loan cost. 

There appears to be no easy way of costing (a) and (b) with any accuracy, but progress 
can nevertheless be made. 

The Frustration Survey already described in chapter 5, A showed that on one day at the 
main library alone 6 items then at binding were wanted. This survey had about a two-thirds 
response, so we can expect the actual number of such items to have been 9: in a full year, 
allowing for seasonal fluctuations, the total number is unlikely to have been less than 1, 200. 
Clearly data derived from a series of Frustration Surveys would have been more satisfactory, 
but it was not practical to collect additional data at this time. Even if the domestic bindery's 
turn-round time is as high as 4 weeks instead of the commercial 10 weeks, this number 
would be cut by 60% or 720; the remaining 480 items are on the premises and could therefore 
be made available quite promptly if they were requested. If only half of the frustrated 
readers asked for material being bound, then a further 240 requests would be satisfied. 

This makes a total of 960, but in a domestic bindery it would be possible to allocate selective 
priorities to heavily-used titles, thus cutting their 'down -time' and increasing the figure of 



960. Data collected since have confirmed our conviction that demand is not evenly spread 
but varies substantially from one title to another. 



As regards inter library loans to meet unsatisfied requests, little information is 
available, but the cost of these could perhaps add up to £100 a year. Bindery equipment costs 

were taken as £5, 000, to be written off (pessimistically) over ten years - viz. £500 per 
annum. * 

We can now conveniently summarize the annual costs. 



000 volumes bound 
Depreciation on capital 
Additional interlibrary loan expenses 



This suggests a difference in known costs of £700, but the University Grants Committee 
has since ruled that the bindery equipment could be included in the grant to furnish the ex- 
tension to the library; the cost to the university becomes nil and the difference in operating 
costs becomes only £200. 

For the price of £200 the library would reap the following advantages: 

1. An additional 1000 or more frustrated requests would be satisfied (at a cost of 4/- each); 

2. An expected reduction in staff time and fewer records ((a) above) ; 

3. The period of waiting for documents to return from binding would be greatly reduced ((b 
above). 

Conclusion 

Domestic binderies are normally justified on the grounds of their intangible benefits 
rather than their cheaper costs; on the other hand present methods of financing the 
university result in a part of the cost not being charged to the library concerned. This crude 
cost -benefit study seems to help to clarify the issue involved. A submission was made along 
the lines of this section, and a decision was made to establish a bindery at the University 
of Lancaster Library on somewhat more objective grounds than would otherwise have been the 
ease,. 



Domestic 

at 24/- £7, 200 

£ 500 

£7, 700 



Commercial 
at 23/= £6, 900 

£ 100 

£ 7 , 000 
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CHAPTER 6; THE PATHOLOGY OF LIBRARY PROVISION: 



PART 2 : LOAN POLICIES AND DUPLICATION 



The previous chapter was concerned with the factors which frustrate library users when 
they seek documents belonging to a library. It was shown how these factors were surveyed 
in an attempt to assess their relative importance, and how this information was used to 
evaluate the choice of long-term binding policy with respect to its impact on the user as well 
as to considerations of cost. The present chapter is concerned with the most important 
single cause of frustration - borrowing. The examination of borrowing habits, lending 
policies and duplication accounted for at least half of the effort during this project* the 
results fall into two main sections dealing with a closed-access reserve collection and with 
the general open -access collection respectively. 

A, Duplication and availability in a closed access reserve 

collection 



At an early stage of the project, the investigators attempted to see how far an analytical 
approach could help evaluate a reserve collection of heavily used material known as the Short 
Loan Collection, All material known, or expected to be in heavy demand is removed from 
the open shelves to this collection which is located, on closed access, behind the service 
desk, A user wanting an item from the collection has to ask for it and, if it is available, 
a member of the library staff will issue it. With a view to increasing Hie number of readers 
who can use each copy, and thus reducing the need for duplication, the loan period is short - 
normally up to four hours. There are twenty -two loan periods in a week: each weekday has 
four (morning, afternoon, evening and overnight) and Saturday has two (morning and from 
noon until Monday morning). At whatever time a book is borrowed, it must be returned or 
re -borrowed by the end of that loan period* 

Four factors were isolated, and the objective of the analysis was to establish a re- 
lationship between them. These were: 



the number of requests for a given title, 
the loan period, 
the number of copies, and 
the standard of service. 

The first two were combined by dividing the former by the latter to give an average 
request rate per loan period. It was assumed that the Poisson distribution could adequately 
describe the variations in number of requests in individual loan periods. The standard of 
service chosen was the proportion of requests which were immediately satisfied. This can 
conveniently be stated as a percentage. 

We define n as the number of copies of a given title and s as the number of requests for 
it in any single loan period, so that when o < s < n then s requests are satisfied 
and when s>n then n requests are satisfied. Since P(s) expresses the probability of s requests 
being made in a loan period 



100 [ £ sp(s) + 2 •*(■) i 

% Availability a s^o s«n+f 

£ SP(s) 

SnQ 



where P(s) 



,-r s 
e r 

si 
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r Is the average request rate, and e Is a constant (approximately 2.71828), 

We now have a relationship involving the four factors listed above and from it we can 
calculate the dependence of the availability rate on such factors as the length of the loan 
period and the number of copies provided. 

An availability table derived from this work is reproduced as Table 6. 1. 

In order to test the assumption that the Poisson distribution could adequately describe 
the variations in the number of requests for individual loan periods, data were collected 
relating to both the satisfied and the unsatisfied requests over a period of two weeks, A 
random sample of 25 titles was examined and the distribution of request frequency was 
examined. Some patterns emerged more than once; for example, more than one title had 
been used once in one loan period and not at aU in the remaining forty -three. Thirteen 
different patterns of use emerged: in each case the total number of requests occurring during 
the fortnight was divided by the number of loan periods during this period of time (44) in 
order to produce an average request rate per loan period for each title. The Poisson distri- 
bution was then used to predict a pattern of requests for each average request rate. Table 
6. 2, shows the comparison between observed and predicted distributions. The level of agree- 
ment is encouraging; for five of the thirteen patterns, representing seventeen of the twenty- 
five titles, the degree of matching could not have happened by chance more than five times in 
one hundred. The remaining patterns are not statistically significant, but nevertheless add 
to the overall impression of an adequate match between theory and practice. In view of this 
similarity, we feel that the use of the Poisson distribution for this purpose is justified. 

In practice it was convenient to collect data on both satisfied and unsatisfied requests, 
since stamps on the date labels denoted satisfied requests, and the staff were able to note 
unsatisfied request^ on a piece of paper. Nevertheless, it may be noted that the total number 
of requests can be 'deduced from the record of satisfied requests alone. When the number 
of requests is less than the number of copies all requests can be satisfied and the frequency of 
0, i, 2, mm*, n=l, requests occurring can be noted. However, when the number of issues 
equals the number of copies in a loan period we only know that the number of requests in the 
loan period equals or exceeds the number of copies. Yet if we can assume that the distri- 
bution of requests approximates that of the Poisson distribution, we can deduce the request 
rate most likely to result in the rather incomplete data by finding the value of r which maxi- 
mises 



A more detailed account of the work described in this section can be found in: M, K, 
Buckland and I. Woodburn: An analytical study of library book duplication and availability. 
Information storage and retrieval 5, 1969, pp 69-79. This is a revised version of: M, K, 
Buckland and L Woodburn: An analytical approach t o duplication and availability. (University 
of Lancaster Library Occasional Papers, No. 2). 1968 . 
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Fig 6-1 gHQRT LOAN AVAILABILITY TABLB 
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This table shows percentage availability in relation to the request 
rate and the number of copies provided# The numbers have been 
rounded* 
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Fig 6-2 - COMPARISON OF OBSERVED AND PREDICTED REQUEST PATTERN 

No. of requests. 0 — Observed frequency, P - Frequency predi cted by the Poisson distribution. 
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— Loan policies, duplication and availability 



(i) Introduction 
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simultaneously, based on a variety of factors including the type of document, its value, its ■ 
popularity and the status of the borrower. For example, in the University of Sussex there 
are five loan periods: 

i. Some material is confined to the library ; 

ii, Some material is placed in a closed-access 'Short Loan 1 reserve collection and may 
be borrowed for up to four hours or overnight; this is very similar to the collection 
described in the previous section; 

iii. Some material may be borrowed for up to two days; 

Iv. Undergraduates may borrow all other material for two weeks; 

v. Postgraduates and teaching staff may borrow all other material until the end of term. 

Likewise, there is much variation in the regulations concerning renewals, reservations 
and recalls, in the maximum number of books that may be on loan to any one borrower at any 
one time and In the sanctions imposed upon borrowers who break the regulations. These 
variations exist between libraries and often within libraries. Not only is there wide variation, 
but changes are frequently made. In spite of these facts, and of the central importance of 
loan policies to the user, the problem of choosing loan policies has been curiously neglected 
In the professional literature. 

(ii) The factors involved 

The main purpose of a library is to make books (and other documents) available for the 
clientele it serves. Unfortunately 'availability 1 is a rather complex concept, and consider** 
ations of economy and of the convenience of the user lead to a tangle of conflicting objectives. 
These can conveniently be examined by considering the various aspects of a library's loan 
policy. 

Loan period 

The longer the loan period the more convenient it is for the borrower to use the book at 
leisure. However, the longer the time a book stays out on loan, the longer it is off the shelf 
and, thereby, the less immediately available it is for other library users. There is a clear 
conflict here between the convenience of the individual borrower and the convenience of other 
library users who might wish to use the book . The chances that another reader will in fact 
wish to use the book when it is out will depend upon the level of demand for the book. It would 
obviously cause inconvenience if a book sought daily were to go out on loan for weeks at a time; 
on the other hand, if a book is rarely used (once in a decade, say) then the chances of another 
user simultaneously wanting it are small, and a longer loan period can be permitted. Not 
only do books vary greatly in popularity, but the popularity of individual books is liable to 
fluctuate, although a general tendency for it to decline with time is well established. 

Renewal of loan 

If a reader wishes to retain a book on loan after the expiry of the original loan period, 
then it is normal practice to permit one, two or even unlimited renewals unless another 
reader has made a reservation for that particular book. The frequency of renewal is im- 
portant: the length of time that a book is absent from the shelves determines "immediate 
availability" rather than the official loan period. 
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Reservation and recall 



If a book is not on the shelf it can still be made available by means of a reservation 
and, if appropriate, by recalling it from the reader who has it. To the extent to which this 
is an acceptable substitute for availability on the shelf, this arrangement reduces the 
importance of ^immediate availability 1 and thereby permits longer loan periods and less 
duplication. 

Acceptability apart, this procedure of reservation is clearly unsuitable for those who 
are not seeking a specific title but are browsing, perhaps purposefully for in formation on a 
specific topic, or less purposefully for inspiration or amusement* If such a reader is 
browsing along the shelves, then it is clearly Important that material should be on the shelves, 
else the reader will remain unaware of its existence and the provision of a mechanism for 
reservation and recall will be irrelevant. If such a reader browses in a catalogue or biblio - 
graphy, then he will presumably identify particular items which he desires to inspect and his 
search becomes specific. In this case reservation and recall facilities become meaningful, 
but inspection of catalogue entries is less informative than inspection of the actual document, 
and there is a body of evidence to suggest that catalogues are not often used in this mode, 

Puplfyation 



So far we have been concerned with the case where there is a single copy of each dif- 
ferent book, and with the effect of loan policies on the convenience of the users with respect 
to that book. Obviously, there is no need to enforce a short loan period to induce borrowers 
to return a book for the benefit of others if sufficient extra copies are in fact available for 
them* Therefore shortening of the loan period and duplication are alternative methods of in- 
creasing the availability of books in libraries. It must be stressed, however, that these 
alternatives differ in some important respects. The acquisition, processing, and storage 
of each additional copy of a book costs money and labour which could well be put to other 
uses, such as another different book or any other library service, and to this extent dupli- 
cation is undesirable. Reduction of the loan period and the restrictions on renewals, 
however, are likely to cause additional inconvenience to the borrower, and to this extent are 
undesirable. Furthermore, the shortening of loan periods is likely to involve additional 
administrative expenditure. 

Administration 



Apart from considerations of availability and the cost of duplication, the cost of admini- 
stering a loan policy must also be considered. A short loan period might be expected to 
result in a larger number of renewals, A low level of immediate availability (whether by long 
loan periods or limitation of duplication) is likely to be associated with a larger number of 
reservations and recalls, A policy decision to maintain a borrowers 1 file, either as a 
service to readers or as a means of enforcing a limitation on borrowing, will also involve 
additional expenditure, as will distinctions between borrowers and especially between books 
(e.g, when the more popular books are treated differently from less popular ones). 

A recent trend in British university libraries towards the ,r until the end of term" type 
of loan policy seems to have been at least partly the result of a need to economise on service 
des’s staff by avoiding the necessity for a file arranged by date and by reducing the number of 
renewals. However, although the loan policies will affect the number of transactions of 
various kinds, the unit cost will depend very much on the details of the issue system employed, 
which is outside the scope of this report* 
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Status of borrower 



In some libraries the chosen loan policies give privileges to some users - not just in 
exceptional circumstances, but as a normal practice. In university libraries, for example, 
teaching staff almost invariably benefit from a longer loan period and a higher limitation on 
the number of books allowed out at any given time. One explanation of this is that books used 
by students are in heavy demand and that a shorter period of loan is therefore thought more 
appropriate. Another is that teaching staff are more important. 

Fines 

The principal method of enforcing loan policies is by charging fines, which also vary 
considerably from library to library. The assumption is that fines are necessary to ensure 
compliance with regulations; unfortunately, the relationship between fines and borrower be- 
haviour has not, as far as we are aware, been the subject of serious investigation and hence 
this assumption must remain doubtful. 

Summary 

It will be clear from the preceding sections that wide variations in loan and duplication 
policies reflect complicated relationships involving a number of conflicting objectives. Any 
rational loan policy must be a considered compromise, 

(ill) The basic relationship 

A single title 

The most convenient measure of the availability of a library book is the proportion of 
times that it is immediately available on the shelf when sought. This can be expressed as a 
percentage, thus: 

% immediate availability = no - 2 * times immediately available when sought * 100 

no, of times sought 

Apart from the number of copies held, the two critical factors determining the immediate 
availability are: 

(i) the frequency with which the book is sought (its ■popularity*); and 
(ii) the length of time it is off the shelves when in use. 



For any given level of demand, the book will become more often available if users can 
be induced to return it to the shelves more quickly. This is one justification for Reference* 
libraries where no borrowing is permitted so that the time a book is absent from the shelves 
is a matter of hours rather than days or weeks. For any given pattern of return times (the 
length of time the book is off the shelf) the availability will depend upon the level of demand; 
a rarely requested book is more likely to be available when sought than a book which is 
frequently requested. 

Obviously the number of copies held is also very important in determining whether a 
copy will be available when sought. The chances of an unsuccessful library user making a 
reservation is also important, because a reservation will delay the book*s return to the 
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shelves. 



Monte Carlo simulation 



In exploring these relationships we have used a technique toown as Monte Carlo simu = 
lation. Other workers have employed queuing theory and other stochastic process models* 
for an extended discussion of the application of these formulae to library problems (especially 
loan policies and duplication) reference should be made to the recent book by P. M. Morse 
entitled Library effectiveness; a systems approach . (174) 



The simulation approach has certain advantages over the more strictly mathematical 
treatments: for example, it allows greater freedom in the assumptions that can be made, and 
hence has greater facility in handling complex relationships. A description of the borrowing 
process is fed into the computer (the description currently in use is shown in Figure 6. 3); in 
addition, some numerical data are also required, which define, for example, the number of 
copies, the ratio of borrowing to reference (in-library) use, and the probability that an un- 
satisfied user will make a reservation. The computer performs the borrowing process 
several thousands of times, keeps a record of significant events, and then reports the result. 

In real life, accurate predictions are often not possible: for example, it is not possible 
to state with confidence whether the next reader will use a book in the library or borrow it; 
also it is not possible to state in advance precisely how soon the book will be returned to the 
shelves. However, data can be collected which shows what the overall pattern is in the long 
run; similarly, the computer determines such problems by picking numbers at random, as 
if by rolling dice (hence the name Monte Carlo simulation). Each possible number will have 
had a particular answer associated with it, and this association of numbers and answers will 
have been pre-arranged so that in the long term the overall pattern will correspond to the 
overall pattern of the system being simulated. 

In this manner it is possible to simulate situations of great complexity so long as the 
situation can be described in logical and probabilistic terms. In order to assess the effect 
of a change in a situation, a simulation of the actual current situation is designed and carried 
out; the results will, if the simulation is valid,, correspond to the actual current results. 
Another simulation is then performed incorporating the proposed change, and the results 
indicate in detail the likely consequences of the proposed change. An important feature of 
this teehnqiue Is that it is possible to examine how sensitive the system being simulated is to 
particular changes. (For a fuller description of Monte Carlo simulation the interested 
reader should refer to the appropriate textbooks, such as K. D. Tocher: The art of simulation . 
(268)) Before describing in detail the results of our simulations, two other relationships need 
to be examined. 

The relationship between actual length of loan and official loan period 

Regulations concerning loan periods are, in effect, a control device at the disposal of 
the librarian (or his committee) for influencing the movement and thereby the availability of 
the books in his charge. It would therefore seem important to examine the nature of this 
influence* 

At first sight the factors which seem likely to affect the length of time for which a book 
is retained are both numerous and varied: the subject, the level and the type of the book; 
the subject background, the work habits and the motivation of the borrower; the thousand and 
one possible distractions which might affect his behaviour (including recall notices); and the 
official loan period. In a situation where the factors involved are of such complexity, one 
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FIGURE 6-3 Descr iption of the borrowing process 



S m Ju r , returned as if at random - of all books borrowed on a given day a 

. 1 percentage of those still out being returned each day - with perhaps a small peak at 

expiry of the loan period. In order to test this hypothesis, data relating to a variety of 
loan policies in a number of university libraries were examin^ as follows: 



One week 
Two weeks 
Four weeks 
Ten weeks 
End of term 
End of year 



Manchester 

Michigan (33), Strathclyde, Sussex 
Manchester, Michigan (33), Strathclyde 
Strathclyde 

Lancaster ) An entire year's discharged issued slips 
Lancaster ) permitted a variety of analyses to be made. 



enforc^d" 01 ?^?^ 11 ^ 6 Ubr , ari ® S is a limitation on the number of books allowed out rigorously 
enforced. (We have no information about Michigan in this respect). * 7 

The pattern which emerged consistently is that there is a very strong tendency for books 
o be returned or renewed at the expi.-y of the official loan period - whatever the ieLth of the 

l Z£ rl °r d ^ With c omparativeiy long lo*an periods - longer than four wfe ks 

a substantial amount of material returned before the due date and here the expected negative 
exponential pattern emerges. (See Figure 6. 4). expected negative 

Loan periods and renewals 

A further analysis was made to see whether shorter loan periods were associated with 

or Z’rTaZ ■ V“, (T ““' 6 ' 5) * how of books o«o 

ren? 1 i® 8 llttle over a ran S e ° f loan periods. With two exceptions the methods of 

aPPear l ^ COmparablG - the « ader presents the book at the Service Desk and re- 
quests a renewal. The two exceptions are the cases of teaching staff at Manchester where 

unSrnr e rt au r^ alically renewed on cIates determined by the borrower's surname, and 
undergraduate two-week borrowing at Sussex, where only one renewal is permitted and that 
requires rather more effort on the user's part. 

fF - Slgnificance of our findings on the relationships between actual length of loan and 
™ between renewal patterns and official loan period is considerable. 

They mean that the librar ian has, in his ability to determine official loan 



ful and 



periods, 



precise control mechanis m for influencing the availability of the bookVTn his^lb^^ . 
(iv) Application 



Simulation 



Our present simulation model, 
requires the following information- 



outlined above and documented in detail in Appendix A. 2 t 



i. 



6 . 

7. 



The number of demands to be simulated- 
The number of copies of the book; 

The maximum allowable number of reservations per book; 

The pattern of demand as expressed by the intervals between requests; 
The ratio of borrowing to reference use; 

A loan policy as defined by the return times; 

The proportion of unsatisfied users who make reservations; 

The delays involved in recalls. 
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LOAN PERIOD 


No. of loans 
analysed 


0 


1 

FREQUENCY OF RENEWA] 
% 

12 3 4 


L 

5+ 


1 WEEKt 

Undergraduate s 
at Manchester 


2115 


67 


19 


7 


4 


1 


2 


2 WEEKS: 

Un dergr aduat e s 
at Strathclyde 

- Science 


888 


78 


11 


3 


3 


i 


2 


-* Non-Science 


1208 


83 


12 


2 


1 


0.8 


CO 

ii 

o 


- Combined 


2096 


81 


11 


13 


2 


1 


2 


4 WEEKS: 

P. G # at 
Manchester 


307 


69 


1 17 


6 


2 


2 


3 


Staff & P # G. 
at Strathclyde 

- Science 


510 


70 


12 


6 


4 


2 


6 


- Non-Science 


483 


81 


40 


4 


5 


0.2 


0.2 


- Combined 


993 


76 


11 


5 


4 


1 


3 



Fig 6*5 Frequency of renewal in relation to the official loan period, , The 
data from Strathclyde* which excludes journals, was regarded as 'Science* if 
it had been classified in U. D. G. classes 5 or 6. 'Non-Science 1 data refers to 
the remaining classes. 
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The computer reports the following results: 

For reference: 

a. The number of reference demands made; 

b. The percentage of satisfied reference demands; 

For loan* 

a. The number of loan demands made; 
b* The percentage of satisfied loan demand; 

c * ^ ie level of immediate availability (i. e. the percentage of demands satisfied immediately); 
d # The pattern of delays experienced following reservation. 

A random sample of the loanable stock of the University of Lancaster Library (excluding 
the closed access Short Loan collection of very -heavily-used text books) was then analysed by 
examining borrowing during 1967-68 as recorded on date-labels. Out of a sample of 876 
items, 119 were on loan or missing and could not be found in time; the distribution of the 
remainder, which lends support to the hypothesis that the library's books are subject to 
demands approximating the Zipf's law distribution, was as follows: 



No. of issues 

per annum 


0 


1 


2 


3 


4 


5 


6 
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8 


9 


10 


Frequency 


375 


168 


103 


43 


40 


15 


6 


2 


1 


1 


1 


% 


50 


22 


14 


6 


5 


2 


1 


0.4 


0. 3 


0. 1 


0. 1 



Analysis of borrowing histories, 1967-68 



For simulation experiments six popularity classes were defined (popularity being 
measured by the number of demands per time period (T)) as follows: 



Popularity class 


A B 


c 


D 


E 


F 


No. of borrowing 


demands per time 
period T 


4§+ 3f - 4 £ 




H = 2* 


i-a 


0 



By attempting to fit various demand distributions to the borrowing history data the pro- 
portion of books in each popularity class was determined, where T is one year for the 
Lancaster collection. The simulation results gave the immediate availability to be associated 
with each combination of loan policy and popularity level; subsequent calculations determined 
various parameters for the collection as a whole (as described below). Figure 6. 6 illustrates 
the results of a particular simulation experiment. 

Analysis 

In examining this matter more closely three measures of effectiveness were employed. 

" Immediate Availability ": The probability that a request for a given book will be satisfied 
immediately, 1, e, the probability that a book is on the shelves. This is the measure used in 
the analysis of the Short Loan closed-access reserve collection described in section 6A. 

"Satisfaction level": In a given time period the proportion of demands immediately satisfied. All 
demands, that is, not just demands for one individual title only. This appears to be the most use- 
ful single measure of library effectiveness. It is not the same as mean immediate availability. 
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Fig 64 Simulation results showing immediate availability (%) for 60 trials: 5 popularity classes 
A-E x 4 loan policies, i-iv x 3 levels of duplication. The four loan policies correspond approxi- 
mately to loan periods of one week, two weeks, five weeks and ten weeks respectively. 



